King's B and Gould's S1 agar were compared with regard to the isolation of Pseudomonas from four environmental samples. In all samples, King's B gave the highest number of colony-forming units, and in some environments, there were more fluorescent colony-forming units on King's B as well. However, almost all types grew on Gould's S1, which enabled us to isolate a greater variety of groups than with King's B, fluorescent as well as non-fluorescent members of Pseudomonas. The Pseudomonas isolates were comparatively typed by repetitive extragenic palindromic-polymerase chain reaction and Fourier transform infrared spectroscopy, not previously used for environmental Pseudomonas. The two typing methods were similar in resolution, thus Fourier transform infrared spectroscopy proved fast and reproducible and is a good method for discrimination at subspecies level. Representative strains were identified by partial 16S rDNA sequencing. Thus, we suggest Gould's S1 agar be used for isolation of Pseudomonas because the results are reproducible, specific and give the most diverse recovery and the least work. z
Introduction
The abundance of literature on the Gram-negative genus Pseudomonas re£ects its importance in relation to the of degradation of xenobiotic compounds [1] , its e¡ect as a plant pathogen [2] , and its plant growth-promoting activities [3] . The introduction of phylogenetic characterisation by comparative 16S rDNA analysis was important for reserving the name Pseudomonas for species of the rRNA homology group I Pseudomonas exclusively. These are also known as the Pseudomonas sensu stricto and often referred to as £uorescent pseudomonads [4] . Even though Pseudomonas constitute a well-studied group of bacteria, new species are still described from time to time [5, 6] . These new species are typically found in new and more exotic environments and after the application of new media or isolation procedures [7^9] . Hence, the use of new isolation procedures can lead to identi¢cation of potentially interesting strains for use in biotechnology.
The widespread and diverse nature of research on Pseudomonas has resulted in the description of numerous selective isolation media (e.g. [10^14]). The classical medium for isolation of £uorescent Pseudomonas is the King's B medium [10] . Group members can £uoresce in UV light when grown on speci¢c iron-limited media, but the £uorescence is not constant during incubation and not common to all species of this group. On this relatively unspeci¢c medium [11] , only £uorescent colonies are picked which makes isolation of many Pseudomonas strains cumbersome. Likewise, isolating with King's B fail to single out the non-£uorescent Pseudomonas, because they disappear between all other non-£uorescent colonies not belonging to Pseudomonas. A possible solution is using Gould's S1 medium, which comprises compounds (e.g. trimethoprim and sodium lauroyl sarcosine) making it selective for Pseudomonas [14, 15] . However, with antibodies directed against OprF, a surface protein present only in Pseudomonas, it was shown that only about 10% of the total anti-OprF positive colony-forming units (CFUs) in rhizosphere soil as determined with King's B or 10% tryptic soy agar were detected on Gould's S1 medium [15] .
Typing methods chosen should apply to all isolates, have a suitable level of discrimination, be reproducible, and easy and fast to use. Likewise, it is a good idea to combine methods, phenotypic as well as genotypic. Repetitive extragenic palindromic-polymerase chain reaction (REP-PCR) uses oligo primers with the conserved REP sequences originally found in Escherichia coli [16] . REP-PCR is a well-known fast and reproducible method to distinguish closely related organisms on the basis of DNA diversity [17] . In contrast, the Fourier-transform infrared spectroscopy (FT-IR) is a physiological method, in the sense that an absorbance spectrum of whole cells re£ecting the total cellular composition is generated [18] . The spectrum is compared to a library of spectra from known bacteria and phenograms can be constructed. It has been used only sparsely, and studies of environmentally isolated Pseudomonas by FT-IR have never been reported.
In the present study, we investigated the selectivity and possible skewing of the isolate diversity of King's B agar and Gould's S1 agar as they are used for isolation in the laboratory. We characterised the 240 isolates by means of classical tests, and evaluated the capacities of REP-PCR and FT-IR to characterise a selection of environmentally isolated Pseudomonas. In addition, we identi¢ed representatives of the abundant groups by 16S rDNA sequencing.
Materials and methods

Isolation of bacteria using King's B and
Gould's S1
The bacteria were isolated from four samples as follows : agricultural soil was taken from the HÖjbakkegaard experimental farm at the Royal Veterinary and Agricultural University (sand 26.2%, coarse sand 23.7%, coarse silt 28.8%, humus 2.3%, clay 16% and silt 19%, water holding capacity is 28.3%). A sub-sample of 120 mg soil was put into a venoject glass tube with 900 Wl 10 mM phosphate bu¡er pH 7.4 (P-bu¡er). The cellulose-enriched soil was produced by suspending 300 mg soil in 1.5 ml enrichment medium composed of 1.25 ml hydro-carbon minimal medium 2 [19] and 250 Wl of a 5% cellulose solution. The suspension was mixed with 20 g Sea-sand (Merck, Darmstadt, Germany) and incubated at room temperature for 8 days. The sludge was a sub-sample of activated sludge from a waste water treatment plant in Ma îlÖv, Denmark. Sludge (130 mg) was transferred to 0.9 ml P-bu¡er in a venoject tube. Fifteen leaves taken from a Salix alba tree were homogenised with 8 ml P-bu¡er in a mortar with a pestle. A sub-sample of approximately 3 ml was transferred to a venoject tube.
The suspensions in the venoject glass tubes were treated in an ultrasonic water-bath (Metason 200, Struers KEBO, Denmark) for 1 min. Suspensions (2 ml) were centrifuged (20³C, 1000Ug, 1 min) to pellet major impurities. Dilution series of the supernatant were spread on Gould's S1 [14] and King's B agar (Pseudomonas agar F, Difco) [10] plates in three 10-fold dilutions with 8 agar plates of each dilution per medium. Gould's S1 agar plates were made not later than the day before in order to preserve the level of antibiotics (storage in a refrigerator produces a problematic coating on the plates). The same tube was used for both media, and plates were spread alternately to give conditions as similar as possible. The plates were incubated at 20³C in the dark for 3 days. Total CFU as well as colonies £uorescent in UV light were counted on both media. From the Gould's S1 and King's B plates, 40 and 30 isolates were randomly chosen from each plate series if present in adequate numbers. The cells were stored at 380³C.
Characterisation and identi¢cation by REP-PCR, FT-IR and 16S rDNA sequencing
The following tests were performed: Gram-determination using the Bactident Aminopeptidase kit (Merck), oxidase (Dryslide Oxidase, Difco), £uores-cence in UV light on King's B medium [10] .
REP-PCR analysis was performed as previously described [9] . The isolates were grouped manually using the band patterns. Strains still giving faint or no band pattern after three independent trials were characterised as negative in REP-PCR.
For FT-IR, 10 ml TY broth (10 g Tryptone, 2.5 g yeast extract, 0.35 ml 1% FeCl P W4H P O, 0.05 ml 1% MnClWH P O, 0.75 ml 1% MgSO R W7H P O, pH 7.3) was inoculated with the isolates and incubated overnight (30³C, 250 rpm). A sample of 1 ml was harvested by centrifugation (6000Ug, 1 min), washed once in 1 ml de-ionised water, and re-suspended to give an infrared absorbance within the recommended range on a Bruker IFS-28B FT-IR running OPUS 2.2 software under OS2 (Bruker Spektrospin, Karlsruhe, Germany). Duplicates of 25 Wl of the cell suspension were loaded on a ZnSe sample wheel and vacuum dried. Spectra were generated from 64 scans from which background absorption had been subtracted. Three cluster analyses of all 240 isolates with`complete linkage',`average linkage' and`Ward algorithm' for construction of similarity matrices were made. In all cases, phenograms were made by thè scaling to ¢rst range function'. The phenograms were based on the 3000^2700, 1200^900 and 9007 00 cm 3I parts of the ¢rst derivative of the FT-IR spectrum to ensure maximum resolution and optimal clustering of the organisms. Only clusters appearing in all three phenograms were used. DNA isolation, PCR ampli¢cation of rDNA and partial sequencing of the PCR product (E. coli positions 1^500) was performed as described [20] . The 16S rDNA sequences were aligned manually against the ribosomal database. The greatest similarities were found with representatives of the genus Pseudomonas. Corrected pair-wise evolutionary distances were computed using the correction of [21] . The phylogenetic tree was constructed by using neighbour joining [22] . Bootstrap values were calculated for 500 phylogenetic trees. The phylogenetic analysis was made using facilities collected in the ARB program package (Michael Strunk, Technical University of Munich). Nucleotide sequences for the 16S rDNA sequences determined in the present study are deposited as EMBL accession numbers AJ007519Â J007542 (Table 2 ).
Statistics
To evaluate if di¡erences in the number of £uo-rescent colonies on the two media were signi¢cant, the two-sample t-test with equal variances was employed. The M P -test for k samples was used to evaluate whether the diversity of colonies from the two media was di¡erent.
Results and discussion
Number of total and £uorescent CFUs on
King's B and Gould's S1
Bacteria were isolated from soil, a cellulose enrichment of the soil, sludge from a waste water treatment plant, and a S. alba leaf. In all environments, numbers of the non-£uorescent CFUs were substantially higher on King's B than Gould's S1 (Fig. 1) emphasising the non-selective nature of King's B previously reported [11] . In three of four environmental sources, the number of colonies £uorescent in UV light on King's B agar was higher than on Gould's S1 (Fig.  1 ), but the di¡erence was signi¢cant (P 6 0.01) only in the sludge sample. The di¡erence could be due to several things: there is a lower plating e¤ciency of £uorescent colonies on Gould's S1 than on King's B, or the medium induces less £uorescent pigment (though in the experiments by Gould et al. [14] , £u-orescence was more intense on Gould's S1 than King's B). Miller et al. [23] generally also found more £uorescent colonies using King's B than Gould's S1. Yet, from the S. alba sample, only three £uorescent colonies were obtained from King's B. This is probably because this sample comprised a large non-£uorescent fraction inhibiting the emergence of £uorescent colonies by colony cross competition. This will be a problem in any case, where the £uorescent Pseudomonas are small in numbers [11] . There may also be problems associated with the diffusion of pigments. This can cause di¤culties in localisation of the producing colony on dense plates.
Characterisation and identi¢cation of the isolates using REP-PCR, FT-IR and 16S rDNA sequencing
All isolates were Gram-negative, and only 33% of the Gould's S1 isolates were £uorescent on King's B agar, and 93% from King's B (Table 1 ). The four non-£uorescent King's B strains proves partly that isolation can be di¤cult on dense plates, and partly that £uorescence is di¤cult to see even for experienced eyes. Supplementary tests did not indicate the non-£uorescent members to be non-Pseudomonas. Oxidase-negative isolates were almost exclusively from Gould's S1 plates. All Gould's S1 isolates could grow on King's B, and almost all (93%) King's B isolates could grow on Gould's S1.
Using REP-PCR, 79% of the Gould's S1 and 92% of the King's B isolates were typable ( Table 1 ). The non-typable isolates were predominantly from the sludge sample, where the diversity was quite di¡erent from the other samples. All strains could be typed by FT-IR under the conditions employed. In general, small FT-IR clusters were reproducible in all three phenograms produced by the FT-IR software. The REP-PCR gave about the same group sizes as FT-IR, but in a few cases, several REP-PCR types were clustered in one FT-IR type. There was good agreement between REP-PCR and FT-IR groupings (Table 2): among 140 isolates forming REP-PCR groups with at least two isolates, only 16 (11.4%) deviated from the expected categories, in the sense that all strains with identical REP-PCR pattern did not fall in the same FT-IR group. If FT-IR and REP-PCR are compared, not only the laboratory procedure, but also the strain clustering must be taken into consideration. Nevertheless, FT-IR are feasible means of typing environmentally isolated Pseudomonas.
Of the 26 representative isolates from the di¡erent If some strains lost culturability during handling, less than 40 Gould's S1 isolates or 30 King's B isolates were used in the characterisation. Only three £uorescent colonies on eight replicate King's B agar plates from Salix alba leaves sample because of overgrowth by non-£uorescent colonies.
Isolates producing proper REP-PCR bands.
Isolates producing a spectrum by FT-IR.
REP-PCR groups used for 16S rDNA analysis (Table 2), 23 could be readily ampli¢ed by PCR. Based on sequences of about one-third of the full 16S rDNA gene (ca. 500 nucleotides beginning at the 5P-end), a phylogenetic tree was constructed (Fig.  2) . The tree indicated that many groups de¢ned by REP-PCR and FT-IR grouping were at the subspecies level. The isolates NN017080, NN017083, NN017087, NN017090, NN017091, NN017094, NN017095, NN017096 and NN017100 formed one group closely related to Pseudomonas amygdali. The isolates NN016874, NN016877, NN016889 and NN016893 were closely related to each other, but not to any reference strain. The isolates NN016869, NN016872, NN016908, NN016909, NN016918, NN016941 and NN016959 formed a single somewhat heterogeneous cluster with Pseudomonas fulva as closest relative. The isolates NN016901 and NN017118 grouped close to Pseudomonas £uores-cens. The remaining isolates, NN016917 and Only REP-PCR groups with at least two members are shown. There were 59 groups with one member. Number of isolates in FT-IR groups listed in parentheses.
`o ut' indicates isolate outside FT-IR group. NN016958, formed very long branches to each other and to`Pseudomonas pavonaceae' [24] . This demonstrates that REP-PCR and FT-IR have a higher resolution than 16S rRNA analysis. All 23 representatives (including 19 isolated on Gould's S1) grouped within Pseudomonas con¢rming the selectivity of the Gould's S1 agar [14, 15] .
Diversity di¡erences between the media
Since isolation of Pseudomonas using Gould's S1 includes non-£uorescent isolates, there was a statistically signi¢cant di¡erence in diversity of the bacteria isolated on King's B and Gould's S1. This was found with the soil and the cellulose enrichment samples using the typing from both FT-IR and REP-PCR, and from the sewage sludge sample when typing with FT-IR. Isolation from S. alba leaves using King's B yielded only three £uorescent colonies on the eight plates because of the large fraction of non-£uores-cent strains. Comparison of the diversity of the £uo-rescent colonies from Gould's S1 and King's B showed no signi¢cant di¡erences. However, the diversity of the £uorescent colonies in the soil sample isolated with King's B and Gould's S1 were quite di¡erent, although this was not signi¢cant (P=0.05). Surprisingly, this was due to the presence of a certain £uorescent FT-IR group on Gould's S1 only, probably because this group did not £uoresce at the time of isolation.
Our results indicate that Gould's S1 does not prevent the growth of speci¢c Pseudomonas strains. On the contrary, we found some £uorescent groups only among Gould's S1 isolates. Thus, the lower numbers of £uorescent colonies on Gould's S1 than on King's B found in some of our samples is most likely due to a slightly lowered plating e¤ciency on Gould's S1. Previously, £uorescent Pseudomonas strains were found in the ratio of 1:2 to 1:4 on Gould's S1 versus King's B [23] . Hence, the 1:10 ratio reported by Kragelund et al. using OprF antibodies is not applicable for £uorescent Pseudomonas in this study.
Concluding remarks
In some samples, Gould's S1 may give fewer £uo-rescent colonies than King's B. However, our results indicate, that the isolate diversity of King's B is predominantly represented on Gould's S1. In fact, new types, both £uorescent and non-£uorescent, will be isolated using Gould's S1 for isolation compared to using King's B. Thus, since Gould's S1 compared to King's B is less susceptible to overgrowth, does not require looking for £uorescence and hence is more reproducible, more speci¢c, and gives a broader diversity, we suggest Gould's S1 agar to be used for future isolation of Pseudomonas. Likewise, in our study, FT-IR could type all isolates, was fast and reproducible, and could discriminate at strain level. Thus, FT-IR is feasible for typing environmentally isolated Pseudomonas.
